Objective: The expanding overweight and obesity epidemic notwithstanding, little is known about their long-term effect on health-related quality of life (HRQoL). The main objective of this study was to investigate whether overweight (body mass index (BMI) 25 to o30 kg m À2 ) and obese (BMI X30 kg m
Introduction
Approximately 65% of the US population is overweight (body mass index (BMI) 25 to o30 kg m ). 1 Overweight and obesity have increased at staggering rates in the US over the past 20 years and continue to rise. 2, 3 These increases are a public health concern because having a BMI in the overweight or obese range is associated with an increased risk of developing, among others, hypertension, high cholesterol, type 2 diabetes and coronary artery disease. 4, 5 Obesity currently accounts for more than 100 000 excess deaths 6 and 5-7% of annual medical spending in the US. 7 Patient-centered and patient-reported measures of health status have become increasingly important in our current efforts to assess the health of individuals and populations. 8 Given the current overweight and obesity epidemic, it is important to determine the impact of overweight/obesity on health-related quality of life (HRQoL), which is the effect of medical condition(s) on an individual's subjective well-being, and physical, mental and social functioning. 9 A small number of longitudinal studies have linked overweight and obesity to worse perceived health, impaired mobility and greater disability compared with normal weight. [10] [11] [12] These studies primarily assessed self-reported aspects of physical HRQoL in middle-aged and older individuals [10] [11] [12] or in samples with a substantial age range. 11 To the best of our knowledge, no study has investigated whether overweight or obesity in young adulthood is comprehensively associated with poor HRQoL (that is, self-reported mental health, social functioning and physical functioning) as early as middle age. Using data from the Coronary Artery Risk Development in Young Adults (CARDIA) study, we examined the relationship of overweight and obesity in young adulthood with subsequent physical, mental and social HRQoL after 20 years of follow-up for the whole cohort and among specific race-sex groups. Further, we investigated the association of changes in weight with physical, mental and social HRQoL among the whole cohort.
Participants and methods
Participants CARDIA is a National Heart, Lung, and Blood Institutesponsored, longitudinal multicenter investigation of cardiovascular risk development in 5115 white and AfricanAmerican men and women from Birmingham, Alabama; Chicago, Illinois; Minneapolis, Minnesota and Oakland, California. A detailed description has been provided elsewhere. 13 The study was designed to include approximately equal numbers of participants by: sex, race (black/white), education (high school or less vs more than high school) and age (18-24 years/25-30 years). This study includes data from the baseline (1985) (1986) ) and year 20 (2005-2006 ) examinations. The final cohort for analysis included 3014 participants. Figure 1 shows the number of excluded participants and the reasons for exclusion. ). Lipids and lipoproteins were measured in fasting plasma samples and determined by enzymatic procedures using the Abbott Bichromatic Analyzer (Abbott Laboratories, Abbott Park, IL, USA) for baseline data and the Hitachi Modular P Analytic System (Roche Diagnostics, Minneapolis, MN, USA) for year 20 data. Diabetes was defined as fasting glucose X126 mg per 100 ml or current use of diabetic medication. After a 5-min rest period, three seated blood pressure measurements were obtained in a quiet room during the baseline examination using the Hawksley random-zero sphygmomanometer. An average of the second and third readings was used in the analyses.
Information on demographic characteristics, alcohol use, smoking status and medication use was collected through an interview. Using thresholds set by the National Institute on Alcohol Abuse and Alcoholism, 15 we defined alcohol use as none (no drinks consumed in the past year), moderate (for men, p14 drinks per week and p4 drinks on the day they drank the most in the past month; for women, p7 drinks per week and p3 drinks on the day they drank the most in the past month), and at-risk (for men, X15 drinks per week or X4 drinks on the day they drank the most in the past month; for women, X8 drinks per week or X3 drinks on the day they drank the most in the past month). The 'at-risk' category suggests an increased risk of developing alcoholrelated problems, but does not signify the presence of substance abuse or dependence. Total physical activity was measured using the interviewerbased CARDIA Physical Activity History questionnaire, which assesses participation in 13 exercise and sport activity categories over the past 12 months. 16 To obtain a frequency score, we asked participants whether each activity was performed during the past year, along with the number of months and duration of time they participated in the activity. Total physical activity was the sum of intensity and frequency scores, expressed as exercise units.
Statistical analyses
Baseline characteristics between black and white women and men were compared separately using w 2 -tests (for categorical variables) or t-tests (for continuous variables). Planned analyses focused on two main outcomes: SF-12 summary scores and SF-12 individual items. The first set of analyses focused on the longitudinal relationship between baseline BMI and year 20 SF-12 summary scores. The second set of analyses involved investigating the longitudinal association between baseline BMI and year 20 SF-12 individual items (that is, 12 questions). Finally, the third set of analyses focused on determining whether an increase in BMI over time was associated with worse year 20 SF-12 summary scores.
General linear models were used to compute mean SF-12 summary scores at year 20 across baseline BMI groups for the entire cohort and each race-sex group. Linear trend was tested in multivariate models using linear regression for continuous outcomes and logistic regression for binary outcomes. BMI was included as a continuous variable in the multivariate models. When significant differences in summary scores were detected among the entire cohort, individual questions from the SF-12 were analyzed to illustrate the functional meaning of the findings. Six physically oriented questions contribute primarily to the PCS, and six mentally oriented questions contribute primarily to the MCS (that is, 12 items total). Response categories for each item were dichotomized to indicate favorable or adverse status. For example, 'not limited' in climbing several flights of stairs was categorized as favorable vs 'limited a little' or 'limited a lot' were categorized as adverse. General linear models (least-square estimates) were also used to compute the prevalence (percentage) of favorable and adverse health status for the cohort and for each race-sex group. All analyses were repeated with adjustment for sex and race (black/white) (whole cohort analysis only), and the following baseline variables: age, education (in years), marital status (married, never married, other), cigarette smoking (never, former, current), total physical activity (exercise units), diabetes (yes/no), systolic blood pressure, antihypertensive medication (yes/no), a single question from the SF-12 assessing general health status (excellent/good/ fair/poor), total cholesterol and alcohol use (none, moderate, at-risk).
Baseline and year 20 BMI groups were cross-tabulated and classified into six BMI change categories: normal weight at baseline and year 20 (normal-normal); normal weight at baseline but overweight (normal-overweight) or obese (normal-obese) at year 20; overweight (overweightoverweight) or obese (obese-obese) at both baseline and year 20; and overweight at baseline but obese at year 20 (overweight-obese). Participants who lost weight were not included in this analysis due to a small sample size (n ¼ 54). General linear models were used to compute adjusted mean SF-12 summary scores, and comparisons were carried out between normal-normal weight individuals (referent) and
Longitudinal association between BMI and HRQoL AT Kozak et al the other five BMI change groups by F-tests. Comparisons of mean SF-12 summary scores were also carried out between normal-obese (referent) vs overweight-obese and obese-obese. Analyses were adjusted for baseline covariates described above.
To examine the potential role of cardiovascular risk factor progression on any associations observed between BMI and SF-12 summary scores or individual items, we further adjusted all models for changes over 20 years (year 20-baseline) for continuous variables (physical activity, systolic blood pressure, total cholesterol), year 20 risk factor measurements for categorical variables (education level, marital status, smoking status, alcohol use, diabetes, antihypertensive medication and lipid-lowering medication) and baseline variables (age, physical activity, systolic blood pressure, total cholesterol and general health status). Because these additional adjustments did not appreciably alter relationships between BMI and SF-12 summary scores, results are not shown.
Of the 5115 participants at baseline, 2101 were excluded from analyses as described in Figure 1 . We adjusted for selection bias (that is, missing data due to missing information in some covariates and losses to follow-up) using inverse probability weighting. 17 Specifically, we modeled the probability of dropping out at year 20 separately for each race-sex group and the entire cohort with logistic regressions by treating dropping out as the response variable and baseline covariates as independent variables. We then inversely weighted the complete observation in the regression equations used to study the various associations with the probability that a participant was still in the study. We used the bootstrap method to estimate the variance of the mean SF-12 summary scores computed with the weighted adjustments by drawing 1000 independent samples, each the same size as the original sample. We then estimated the mean SF-12 summary scores for each sample and the confidence intervals from the 1000 samples. All analyses were conducted using SAS statistical software, version 9.2 (SAS Institute Inc., Cary, NC, USA). Longitudinal association between BMI and HRQoL AT Kozak et al of white women (Po0.001) and white men (Po0.001) engaged in at-risk drinking as compared with black women and black men, respectively. A higher percentage of black men were current smokers compared with white men (Po0.01). As compared with white women, black women on average engaged in lower total physical activity (Po0.001), had higher mean systolic blood pressure (Po0.001) and had higher mean total cholesterol (Po0.01).
Results

Baseline characteristics
Baseline body mass index and year 20 SF-12 summary scores Baseline BMI was inversely associated with PCS scores 20 years later for the entire cohort (P-trend o0.001) and each race-sex group (P-trend o0.001 for black and white women, and white men; P-trend 0.03 for black men). For example, mean PCS scores were 52.2, 50.3 and 46.4 for normal weight, overweight and obese individuals, respectively. Results were similar after adjusting for baseline covariates, with the exception of black men for whom findings were not significant ( Table 2) . After adjusting for 20-year changes in covariates, results remained similar with the exception of white men, who had a marginally significant P-trend (P-trend 0.07) (data not shown). No relationship was found between BMI and MCS scores among the entire cohort or any race-sex group (Table 2) . Figure 2a shows the response from the entire cohort to item 1 on the SF-12, 'In general, would you say your health isy.' after adjustment for baseline covariates. Among the entire cohort, 21.5% of obese participants perceived their health as fair or poor (adverse) compared with 13.2% of overweight participants, and 8.8% of normal weight participants (P-trend o0.001). For the other five SF-12 physical health questions, the prevalence of adverse outcomes was lowest for normal weight participants and higher for those overweight or obese at baseline in both unadjusted analyses (P-trends o0.001) and analyses adjusted for baseline covariates (P-trend range 0.004-o0.001). Consistent and similarly significant inverse associations were found between increasing weight categories and favorable health status. Figures 2b-d show examples of physical health questions that were associated significantly with BMI. After adjusting for 20-year changes in covariates, significant inverse associations remained for all physical health questions (P-trends o0.001) except the moderate activities item (data not shown). Of note, at least 62% of individuals obese at baseline reported favorable status on each of these individual physical HRQoL items 20 years later. On average, these individuals were younger than the obese individuals who reported adverse health status; significant age differences were found for climbing stairs (Po0.01). Data from individual mental health items are not presented as no relationship between MCS score and BMI was observed.
Baseline body mass index and year 20 individual SF-12 items
Change in body mass index from baseline to year 20 and SF-12 summary scores Participants in the obese-obese group had the lowest (worst) mean PCS score of 46.3 and the normal-normal group had the highest mean PCS score of 53.0. These groups were significantly different from each other (Po0.001). PCS scores were significantly lower for participants in the normal-overweight (Po0.05), normal-obese (Po0.001) and overweight-obese (Po0.001) groups, compared with the normal-normal group. The obese-obese group had a significantly lower PCS score compared with the normal-obese group (Po0.001; data not shown). These differences persisted after adjusting for baseline covariates (Table 3) and 20-year changes in covariates (data not shown). Data from the MCS scores are not presented due to a lack of relationship between BMI and MCS score (data not shown).
Effect of nonresponse
We used an inverse probability weighting method to adjust for the potential bias caused by dropouts. The two sets of Longitudinal association between BMI and HRQoL AT Kozak et al estimates (weighted and nonweighted) were consistent, with the direction and magnitude of the relationship between BMI and SF-12 summary scores persisting across most of the sensitivity analyses (data not shown). Therefore, our study results were likely robust despite some loss of participants due to dropout or missing data.
Discussion
In this community-based cohort, excess weight in young adulthood was associated with poor self-reported physical, but not mental or social HRQoL two decades later. This relationship was exemplified by an elevated likelihood of limitations in activities, and by the presence of bodily pain. After adjusting for baseline demographics, general health, and physical and behavioral risk factors, this relationship persisted for the entire cohort and three race-sex groups. After further adjustment for 20-year changes in covariates, this relationship was sustained among the entire cohort and black and white women. Further, transitioning into a heavier weight group or maintaining a BMI in the obese range over 20 years was associated with worse physical health functioning.
To the best of our knowledge, this study is the first to investigate the long-term impact of overweight and obesity on the entire spectrum of HRQoL domains in a sample of initially healthy young adults. Our finding of a longitudinal inverse relationship between a high BMI and low PCS score among the entire cohort and each race-sex group highlights the significant impact that excess body weight in young adulthood can have on physical HRQoL 20 years later, even Longitudinal association between BMI and HRQoL AT Kozak et al while individuals are still relatively young (that is, 40s or early 50s). This finding is strong given that it remained for all groups except black men after adjusting for important baseline covariates. The lack of findings in black men may have resulted from low power as the sample size for this group was much smaller than the other three race-sex groups. A significant relationship between BMI and MCS scores was lacking. Our study findings are consistent with results from previous studies that used the SF-12. For example, in a cross-sectional study of 1168 Caucasian and AfricanAmerican male veterans, a higher BMI was associated with a lower PCS score but no significant associations with MCS scores were found. 18 In another cross-sectional study of men and women aged 16-64 from Sweden, overweight women and men and obese women had significantly lower PCS scores compared with those in the normal weight group. 19 Of note, it has been suggested that having a higher BMI may be associated with better mental health scores. In a crosssectional study of more than 2500 Canadians, overweight men and class II (BMI 35 to o40) and III (BMI X40) obese women had better MCS scores compared with normal weight individuals, but these findings were not significant. 20 In this study, slightly better MCS scores were found in overweight individuals from the entire cohort and among overweight or obese black women compared with normal weight individuals; however, these differences were not significant. It has been proposed that some individuals may be able to adjust psychologically to a health condition even if deficits in physical functioning remain. Further, it has been suggested that individuals with a high BMI might go through a similar period of psychological adjustment, which could help to explain why excess weight has been found to be associated with better MCS scores. 20, 21 This adjustment could potentially explain the differing findings for MCS scores and PCS scores in our study. Further, our study showed that a BMI in the obese range over two decades or changing from normal weight at baseline to obese 20 years later was associated with poor physical HRQoL as compared with maintaining a normal weight the entire time. These findings persisted even after adjusting for baseline and 20-year changes in covariates. Although additional studies need to be conducted to replicate these important findings, it appears that young adults can benefit from two vital messages. First, early or long-term exposure to obesity puts one at risk of poor physical HRQoL. Second, maintaining a normal BMI throughout one's lifetime is important as it is associated with good physical HRQoL.
Finally, an analysis of the SF-12 physical health individual items revealed that individuals in the obese range were significantly more likely to report limitations in moderate activities and climbing several flights of stairs as compared with normal or overweight individuals. In a cross-sectional study of 3605 Spanish individuals who were in the early 70s, obese individuals reported limitations in several types of physical functioning such as vigorous activities, bending/kneeling and climbing several flights of stairs. 22 Obese women also reported difficulties climbing one flight of stairs, walking and bathing/dressing themselves. It is noteworthy that the participants in our study were on average 45 years old when HRQoL was measured, which is 25 years younger than individuals in the Spanish study. Yet, on average, many were already experiencing limitations in physical functioning, significantly higher pain and lower general health compared with their normal weight counterparts. Given the rise in prevalence of obesity in several developed countries, some reassurance might be taken in our finding that a large percentage (62%) of obese individuals reported having excellent, very good or good general health, no limitations in moderate activities or climbing stairs and little or no pain interfering with work. However, these percentages were significantly lower compared with normal weight individuals. Further, obese participants who reported no limitations in climbing stairs, or no pain-related work interference were significantly younger than obese individuals who reported difficulties in these areas.
A limitation of this study was that the entire SF-12 was not administered during the baseline examination. Therefore, it was not possible to adjust for baseline HRQoL. However, we adjusted for baseline general health status in all of our analyses, which likely helped reduce the influence of at least one important baseline aspect of HRQoL. It is unlikely that the participants could have had poor HRQoL at baseline as the CARDIA study cohort was comprised of healthy young adults aged 18-30 at baseline of whom 98% were able to perform at least one stage of a graded exercise test (nine 2-min increasingly difficult stages of walking on a treadmill), with an average of 4.1 stages completed.
In conclusion, we established a strong link between having a high BMI at a young age and poor physical HRQoL two decades later. Further, our findings suggest that poor physical HRQoL may be prevented in midlife if young adults successfully maintain a BMI in the normal range. Good physical HRQoL is an essential component of healthy aging. Raising public awareness of the adverse impact of having an unhealthy weight in young adulthood is important to lessen the future burden of disability and impaired quality of life in the aging population.
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